Human milk donated to a milk bank can become contaminated in a number of ways, but processes exist to eradicate pathogenic bacterial growth. Donor human milk may be cultured before or after pasteurization or both. The purpose of this article is to describe standard operations of the Mothers' Milk Bank of the Children's Hospital of Philadelphia, best practices to limit the bacterial contamination of donor human milk, and implications for future research.
T he Human Milk Banking Association of North America (HMBANA) provides oversight for all nonprofit milk banks in North America and works collaboratively with them to dispense pasteurized donor human milk (PDHM). The HMBANA provides guidelines to establish and operate milk banks, and each bank must pass initial accreditation and re-accreditation to ensure compliance with these guidelines and operating principles (HMBANA, 2015) . The HMBANA recommends Holder pasteurization as a safe and effective means to eradicate pathogenic bacterial growth in donor human milk (DHM; HMBANA, 2015) . Although Holder pasteurization is effective, some bacteria can survive the pasteurization process. One such genus of bacteria is Bacillus. The Bacilllus genus has more than 250 identified species, some of which have been reported as pathogenic in case studies (Boo, Nordiah, Alfizah, Nor-Rohaini, & Lim, 2001; John, Razak, Razak, Al-Naqeeb, & Dhar, 2007; Pawlik et al., 2009; Ramarao et al., 2014) . The purpose of this article is to describe standard operations of a model milk bank (Mothers' Milk Bank [MMB] of the Children's Hospital of Philadelphia [CHOP]), best practices to limit the bacterial contamination of donor human milk, and implications for future research.
Background
Donor human milk can become contaminated in a number of ways. Possible vectors of Bacillus cereus include food, linen, and/or disposable single-use items. Therefore, bacteria can be introduced during collection, storage, or processing. In case reports, researchers reported Bacillus cereus as a pathogenic bacterium that affects immunocompromised, critically ill, and low-birth-weight infants (John et al., 2007; Pawlik et al., 2009; Ramarao et al., 2014) . Bacillus cereus is a mobile, spore-forming, aerobic or facultative anaerobic, Gram-positive or Gramvariable rod that is commonly found in soil, dust, air, and water. Sepsis caused by Bacillus cereus in the neonatal population can lead to meningitis (Patrick, Langston, & Baker, 1989; Tokieda et al., 1999) , bacteremia (Decousser et al., 2013; Hilliard, Schelonka, & Waites, 2003; John et al., 2007; Patrick, Langston, & Baker, 1989; Tuladhar, Ratole, Koh, Norton, & Whitehall, 2000) , respiratory tract infections (Gray et al., 1999; Jevon, Dunne, & Hicks, 1993) , and intestinal perforations (Decousser et al., 2013; Girisch et al., 2003) . Most cases of Bacillus cereusrelated infections have been reported in preterm infants who had predisposing risk factors such as mechanical ventilation and indwelling central catheters (Decousser et al., 2013; Hilliard et al., 2003) .
Haiden and colleagues (2016) investigated two infection control regimens for women who pumped for infants in a NICU in Vienna, Austria. They found that the regimen was not associated with bacterial growth; instead, where the mother expressed milk was associated with bacterial contamination. Milk expressed at home had 10% greater rates of bacterial growth than milk expressed in the hospital (standard regimen home vs. hospital: 17.9% vs. 6.1%, respectively; strict regimen home vs. hospital: 19.6% vs. 3.4%, respectively; p < .001). The investigators attributed the reuse of collection equipment at home as a strong contributing factor (Haiden et al., 2016) . Additionally, Karimi et al. (2012) found that the main sources of bacterial contamination in the expressed milk of mothers of infants in the NICU were milk collection containers and pumps. However, educational strategies for these mothers were effective to reduce bacterial counts in expressed milk; the rate of bacterial contamination started at 25.4% before the intervention and fell to 8.2% after the intervention (Karimi et al., 2012 ).
Decousser and colleagues (2013) described the onset of severe intestinal infections in two preterm neonates (gestational ages of 29 and 30 weeks) in a NICU in France. The authors determined that the possible vectors in each case were the pasteurized donor pooled milk, the container or syringe, or the environment (area in which the milk syringes were prepared and/or administered). The two cases do not isolate the pasteurized donor milk as the vector of intestinal infection; however, it could not be ruled out.
Testing for Contamination
There are various ways to test DHM for bacterial growth; some milk banks obtain cultures before and after pasteurization, and others test only after pasteurization (see Table 1 ). When screening before pasteurization, milk banks may opt to discard any raw milk that contains organisms or potential pathogens that are capable of producing heat-stable enterotoxins, endotoxins, and spores (Almutawif, Hartmann, Lloyd, Erber, & Geddes, 2017) . The practice of obtaining cultures before pasteurization is not followed consistently in milk banks globally for simple cost/ benefit reasons. Milk banks may forego the prepasteurization testing to save time and money and to preserve a larger supply of raw milk. Milk banks that test only after pasteurization may yield more product because milk is not discarded unnecessarily before pasteurization.
Using the practice of culturing milk before and after pasteurization in a study conducted in France, Dewitte and colleagues (2015) reported positive postpasteurization bacterial growth rates of 0.5%. However, 10.8% of DHM in milk banks in France is discarded before pasteurization after initial bacteriologic screening (Dewitte et al., 2015) . Similarly, the Taipei City Hospital Milk Bank in Taiwan reported that 0.63% of PDHM had positive test results after pasteurization. At that facility, 27.9% of DHM was discarded after prepasteurization screening (Chang, Cheng, Wu, & Fang, 2013) . The Perron Rotary Express Milk Bank (King Edward Memorial Hospital, Perth, Australia) reported postpasteurization bacterial growth rates of 2.4%; 26.4% of raw DHM was discarded before pasteurization, and only 0.9% of the discarded DHM contained Bacillus species (Almutawif et al., 2017) . Landers and Updegrove (2010) reported a postpasteurization bacterial growth rate of 7%, and Bacillus species was the predominant contaminant (5%) in DHM from the Austin Mothers' Milk Bank (Austin, Texas). Among their total sample of 17 batches of donor milk, 10 batches of donor milk had positive test results for Bacillus species before and after pasteurization, and the remaining 7 had positive test results only after pasteurization (Landers & Updegrove, 2010) . Finally, Jang et al. (2016) cultured samples after pasteurization at the Gangdong Kyung Hee University Milk Bank (Seoul, Korea); they reported a bacterial growth rate of 12.6% and cataloged the majority as Bacillus species. These findings indicate low rates of positive results for postpasteurization milk cultures; however, a large volume of milk in each of the reports was discarded before pasteurization, which indicates a potential waste of milk.
Operations of the MMB
The MMB of CHOP is an internal milk bank located within a free-standing children's hospital. The DHM pasteurized by the MMB is provided to CHOP inpatients. The MMB was approved as a HMBANA milk bank in October 2015 and is housed in the CHOP main building. This model is unique because most HMBANA milk banks are free-standing facilities. At CHOP, there is a strong human milk and breastfeeding culture, and the pumping initiation rate is approximately 99% among mothers on the special delivery unit. As a whole, more than 80% of infants discharged Donated human milk may become contaminated in a number of ways.
Best Practices to Limit Donor Milk Contamination from CHOP are receiving human milk at the time of discharge. The collection, storage, and management of expressed milk are priorities, and to ensure clean pumping technique, CHOP provides lactation-related education and resources to families and employees. The hospital has 244 breast pumps throughout the 17 inpatient nursing units and 43 private lactation rooms (used by mothers of patients and employees). Sanitation wipes are placed next to every breast pump, and mothers are instructed to wipe pumps before use and to wash their hands before pump assembly. Sterile storage containers are available in every nourishment area, and families help themselves to needed supplies. Every mother is provided with a sterile pump kit and the supplies necessary to clean the pieces (dish soap and microwavable steam clean bags). Designated microwaves are located in each patient care area.
Hospital administrators ensure that nurses and other health providers receive consistent, evidence-based education to support pumping mothers through the use of the Breastfeeding Resource Nurse (BRN) model (Spatz, 2005) , which includes a 2-day intensive education and training program. Currently, more than 800 BRNs work at CHOP. Research results indicate that the BRN program led to institutional cultural change, and 90% (n ¼ 364/404) of BRN nurses reported that they provided direct breastfeeding support and care (Cricco-Lizza, 2009; . In addition, BRNs reported that they used the knowledge gained in the course to empower their own families, to serve as advocates for patients and their families, and to ensure the provision of evidence-based lactation support and care 
Donors
The women who donate surplus milk to the CHOP MMB are patients themselves; mothers of CHOP inpatients, outpatients, and primary care patients; or employees. Regardless of the avenue of referral, the focus is consistently on the safe collection and storage of expressed human milk. The hospital is home to the Center for Fetal Diagnosis and Treatment, an international referral center for the evaluation of infants with complex anomalies. Mothers who transfer to the center during pregnancy become patients of CHOP, where they receive prenatal care, including a personalized prenatal nutrition consultation, and give birth on the special delivery unit. During the prenatal nutrition consultation, each family receives a tailored consultation with a focus on the crucial role of human milk as a medical intervention. Because of the critical conditions of the infants cared for at CHOP, direct breastfeeding is not usually an option, so the mother must begin lactation by pumping.
Before birth, the family is provided with breast pumping supplies: a sterile breast pump kit, sterile human milk collection containers, dish soap, and a microwave steam clean bag. The mother and support person(s) are given instructions for pumping, labeling, and storing expressed milk and for cleaning of all equipment. The instructions are provided in verbal, hands-on, written, and audiovisual formats. For health care providers, CHOP has three videos, two human milk and breastfeeding standards, nine procedures, and more than 30 patient-family education sheets specific to human milk and breastfeeding. After birth, all information is reinforced by the medical and nursing teams and the hospital's international board-certified lactation consultants.
If an infant is transferred to CHOP from an outside hospital or admitted from home, mothers and families are provided with the same education and resources as mentioned, with the exception of the prenatal nutrition consultation. The milk bank coordinator provides specific instructions to women who donate but are not mothers of CHOP inpatients. These instructions also apply to employees who donate surplus milk to the CHOP MMB.
Donor Human Milk Processing
Milk collection and storage. Mothers referred to the MMB pump and store raw milk in the hospital setting and at home. Regardless of where the milk is stored, the milk bank coordinator elicits details from donors about the volume of milk to be donated, when the milk was expressed, what type of freezer was used for the milk storage, and whether the donor took any medications (including over-the-counter and prescription medications and any illicit substances) during the expression period.
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All approved donors are provided with written information packets that include detailed instructions for clean and safe pumping techniques and guidelines for safe storage of expressed human milk. The MMB provides sterile collection and storage containers and labels preprinted with the donor's last name and identification number. The sterile collection containers are available in three sizes: 35 ml, 80 ml, and 250 ml, and the MMB requests that mothers express only into the sterile containers provided.
All of the milk pumped by mothers who are inpatients of CHOP is stored in accordance with institutional policy and procedures that require each container to be labeled and stored in a food-grade plastic bin with a lid; the bin is labeled with the patient's name and medical record number. All human milk is stored in a CHOP refrigerator set to maintain temperatures between 2 C and 4 C. The hospital follows the guidelines set forth by the Academy of Breastfeeding Medicine for the duration of storage in the refrigerator (96 hours) before moving the milk to a freezer controlled at À20 C (Academy of Breastfeeding Medicine Protocol Committee, 2010). Milk pumped at home and brought directly to CHOP by approved donors is immediately placed in freezers until processing. Milk pumped and stored in the home is accepted up to 3 months from the pump date when stored in a combination refrigerator/freezer unit and up to 6 months from the pump when stored in a separate deep freezer (HMBANA, 2015) .
After the milk is received from an approved donor, the milk bank coordinator organizes the milk in preparation for processing and pasteurization. A clean space is prepared with the use of a onestep disinfectant wipe, and a water-resistant barrier is placed on the table. Containers are sorted by pump date and inspected for possible contamination (e.g., cracks or tears, visible foreign bodies in the milk). Milk is discarded if there is concern about contamination, if the pump date is not marked on the container, and if the pump date marked on the container falls within the donor's established deferral period(s). Deferral periods are periods of time in which expressed milk for an individual donor cannot be accepted, often because of short-term medication use. The total volume of the frozen milk is estimated, logged, and placed in clean plastic bins for storage. Next, each bin is labeled with the donor's last name and identification number, the pump dates of the milk in the bin (range: earliest to latest pump date), the deferral dates (if applicable), and the estimated total volume of milk in the bin. The MMB coordinator assigns a schedule for the technicians to follow for pasteurization. As part of standard operating procedures, each new individual batch of milk is pasteurized and cultured before being pooling with milk from another donor. This procedure limits the possible contamination of pooled batches of milk.
Pasteurization. Technicians use a betadine scrub to wash from their elbows to their fingertips to reduce the risk of contamination. The work surface is cleaned with 70% alcohol and then covered with a clean blanket. Technicians wear gloves, gowns, caps, and masks when working with the donated milk. Gloves are changed and hand hygiene is performed as necessary to ensure a clean process.
A 3-day process is implemented to meet the HMBANA guidelines. The first day, milk is placed in the refrigerator to thaw over a 24-hour period. The second day, before removing the milk from the refrigerator, all necessary supplies (strainer, beaker, flasks) are washed three times in a commercial-grade dishwasher heated to 165 F.
The thawed milk is then manually poured through a fine-gauge, stainless steel strainer into a glass beaker to reduce the risk of any foreign particles remaining in the milk. After straining, the milk is manually poured by donor into glass flasks. Referencing the pasteurization schedule, the milk is designated into batches and manually homogenized (a process of swirling and combining the milk in a series of glass flasks), covered, labeled, and placed back in the refrigerator. On the third and final day of the process, the designated batch of milk is removed from the refrigerator and manually homogenized a second time.
The milk is then poured into sterile high-density polyethylene bottles, capped, and placed into a commercial milk pasteurizer in which it is pasteurized using the Holder pasteurization method. The milk is pasteurized at 62.5 C for 30 minutes, and the bottles go through five stages of cooling before they are removed from the pasteurizer, wiped dry, and labeled.
After pasteurization, a random sample bottle from each batch of PDHM is sent to an outside At the Mothers' Milk Bank, the postpasteurization bacterial growth rate of 5.8% is approximately half the rate reported in the literature.
Froh, E. B., Vanderpool, J., and Spatz, D. L. 
Outcomes During the First Year of Operation
The data reported herein were collected as part of standard operating procedures from March 1, 2016, through February 28, 2017, the first year of operation as a HMBANA milk bank. All women who voluntarily donated surplus human milk to the CHOP MMB completed written informed consent to allow the MMB to use the milk for clinical and research purposes.
Donor Demographics
During this time period, the CHOP MMB operated as an internal milk bank. Thus, all of the milk processed was distributed only to inpatients at CHOP, and all donors were mothers of CHOP patients (inpatient and outpatient) and CHOP employees. Some of the donors crossed categories as mothers of CHOP patients and CHOP employees.
A total of 53 donors were approved during this time period. Of these 53 donors, 72% (n ¼ 38) had infants who were hospitalized on a CHOP inpatient unit. Thirty-four percent (n ¼ 13) of the inpatient donors gave birth to newborns on the special delivery unit in conjunction with the Center for Fetal Diagnosis and Treatment, and the newborns were cared for in the NICU or the cardiac intensive care unit. Of those 13 women, 76.9% (n ¼ 10) received an hour-long, tailored, prenatal nutrition consultation with a focus on the provision of human milk as a medical intervention for the infant and a brief introduction to PDHM. Eleven (28.9%) of the 38 inpatient donors' infants passed away during the hospital stay, and those women were categorized as bereaved donors (donors whose infants died). Two (5.26%) of the 38 inpatient donors were also CHOP employees.
Of the remaining 15 donors, 10 (18%) were mothers of CHOP emergency department patients, outpatients, or children who received care at CHOP primary care locations, and 5 (9.43%) were exclusively CHOP employees. Individual donation volumes ranged from 88 to 3,775 ounces (mean ¼ 644 ounces, median ¼ 452 ounces).
Bacteriologic Results
During the study period, the MMB ran a total of 190 postpasteurization milk cultures. The mean postpasteurization bacteriologic growth rate was 5.8% (n ¼ 11 batches), and monthly rates ranged from 0% to 13.6% (see Figure 1 ). All reported postpasteurization growth was identified as Bacillus cereus or as Bacillus species but not Bacillus anthracis. Overall, 91% (n ¼ 10) of the batches with growth were single donor batches, and one batch consisted of pooled milk from two donors (see Table 2 ). In the case of the one pooled batch with positive test results for growth after pasteurization, the milk from both donors had been previously pasteurized as individualdonor batches and had negative results. When a batch of milk from an individual donor had positive results after pasteurization, the MMB cultured a second time to account for the variety of milk in each batch (pump dates vary). A total of 27% (n ¼ 3) of the batches had positive culture results from donors whose initial batches had positive culture results after pasteurization (see Table 2 ).
Only 9.1% (n ¼ 1) of the total batches with growth consisted of milk from a donor who pumped primarily at CHOP (with the exception of milk pumped during the night) and stored all donated milk in the CHOP freezers. The remainder of the batches with positive culture results for growth after pasteurization (n ¼ 10) included milk pumped by mothers who pumped and stored expressed milk outside of CHOP.
Discussion
The HMBANA guidelines require cultures to be completed after pasteurization of the milk (HMBANA, 2015) . After a review of the literature, the decision was made to culture DHM at the MMB Best Practices to Limit Donor Milk Contamination
only after pasteurization as the most effective and cost-effective strategy.
The overall positive rate for bacterial growth after pasteurization was 5.8%, and all reported growth was identified as Bacillus cereus or as Bacillus species but not Bacillus anthracis (the source of anthrax). According to published studies, only one other milk bank uses the postpasteurization culture technique, and the CHOP MMB postpasteurization growth rate of 5.8% was approximately half the reported rate of that site Froh, E. B., Vanderpool, J., and Spatz, D. L.
I N F O C U S (Jang et al., 2016) . It is also the lowest reported postpasteurization contamination rate for a milk bank that does not culture milk before pasteurization.
DHM can be contaminated during collection, storage, or processing (Almutawif et al., 2017) . The MMB is located in a large pediatric hospital, and the potential exists for the introduction of a multitude of bacteria; however, even though most of the milk donated to the MMB is pumped in the hospital, the postpasteurization growth rate remains low.
Boo and colleagues (2001) found that rates of bacterial contamination were significantly greater when milk was expressed at home compared with at the hospital, and our findings were similar. On the basis of our experience, we posit that this is largely because of the human milk culture present at CHOP, which includes consistent education related to clean pumping technique, appropriate storage guidelines, and resources for breastfeeding families. Donors have access to many hospital-grade breast pumps, sterile human milk storage containers, and cleaning supplies. The hospital encourages mothers to pump at the bedside, and the milk is then given directly to the infant's nurse to be stored in the refrigerator or freezer as appropriate. These procedures are translated to the home setting and reinforced through verbal and written communication.
Reaching families in the prenatal period is very important, and anticipatory guidance is provided in relation to clean pumping technique and parameters for proper labeling and storage of expressed milk. Most donors who give birth on the special delivery unit will be dependent on breast pumps for a period of time. Their infants are cared for in the hospital's cardiac intensive care unit or the NICU, and the critical nature of their diagnoses limits their ability to immediately begin enteral feeding. Donors are encouraged to initiate and maintain pumping to ensure sufficient milk supplies when infants are ready to breastfeed. Many donors freeze their milk, and the frozen milk is stored at CHOP because more than half of women who give birth at CHOP live more than 100 miles away. This frozen inventory of milk is often donated to the MMB before discharge.
Limitations
This report is limited to one newly established HMBANA milk bank that currently operates as an internal milk bank in a children's hospital with a special delivery unit for mothers of infants with known congenital anomalies. None of the PDHM produced by the MMB is sold to outside institutions. The small number of women approved as donors in 1 year and the ability to provide sterile containers and pumping, cleaning, and sanitizing supplies to all donors may not be feasible for all milk banks.
Implications
The experiences reported herein can be transferrable to other institutions that seek to establish HMBANA milk banks with internal pasteurization programs. Opening a milk bank within a hospital with a strong human milk culture promotes messaging and supports patients and families. The MMB does not do any marketing or advertising, and donations are all from mothers of CHOP patients and CHOP employees. Avenues of contamination are inherently limited because all donors receive consistent education related to clean pumping technique and access to hospitalgrade breast pumps and sterile storage containers.
When a new milk bank is established, support and resources must be clearly defined, and decisions related to the time needed, the cost, and the intervals of milk cultures must be considered. These key decisions can be supported by published reports; however, on a global level, milk banks follow different guidelines and protocols. Future efforts should be concentrated on best practices to reduce the rates of bacterial growth after pasteurization. Interventions and strategies to limit the contamination of donor human milk by Bacillus species are needed, and prenatal education for mothers about safe and clean pumping technique, labeling and storage of expressed milk, and cleaning of pump equipment is warranted.
Conclusions
Opening a milk bank is a multiyear process that involves investments of time and financial resources. During the first year of operation, contamination rates were lower at the CHOP MMB than at other HMBANA milk banks. Our experiences and previous research indicate that
To limit contamination, the Mothers' Milk Bank provides consistent education related to clean pumping technique and access to hospital-grade breast pumps and sterile storage containers.
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I N F O C U S education and resources for donors and the location where they pump may limit the presence of Bacillus species in DHM (Boo et al., 2001; Haiden et al., 2016) . If women are supported from the prenatal period and given anticipatory guidance related to future donations, their breast milk can support their infants and others as well.
